Abstract. This paper presents an approach for mapping the human cortical architecture in vivo based on quantitative MRI indices of myelin. We automatically construct laminar profiles in several primary cortical areas and investigate different sampling strategies. The results demonstrate that our method is able to distinguish these areas at specific cortical depths.
Introduction
The human brain is a complex organ, including a highly convoluted cortex. Functional activity occur in a 2 − 5 mm thin sheet of neurons along the cortical surface, organized in six layers. The relative thickness of these layers changes in different areas of the brain which corresponds to different functional roles. In the early 20 th century, neuroanatomists started to investigate areal differences [1], deriving comprehensive measures of the cortical laminar pattern. The myeloarchitecture mappings of the Vogts' described the anatomical features associated with the myelin sheaths of neuronal axons and included over 200 cortical areas. However, their findings were defined on subjective and qualitative measures on two-dimensional stained tissue sections of post-mortem brains.
Magnetic resonance imaging (MRI) enables scientists to measure structural and functional features in vivo. With an increased resolution and sensitivity, methods have evolved which are able to map the organization of the cortex by imaging the myelin content. Geyer et al. demonstrated that 7 Tesla MRI reveals local cortical differences in quantitative T1 images and can precisely depict the cortical boundaries [2] . Glasser and van Essen published a new method based on myelin content, as revealed by T1-weighted and T2-weighted MRI [3] . Clare and Bridge have investigated how reliably cortical areas and boundaries can be detected using MRI [4] . But to what extend are myelin-related laminar profiles in MR data specifiable between primary cortical areas?
To our knowledge, the approach presented here is the first ever published comparison of quantitative myelin-related laminar profiles between primary areas (motor, somatosensory and visual), based on in vivo MRI. We investigate 
Materials and methods
Six MRI data sets with 0.7 mm 3 resolution have been acquired according to the MP2RAGE imaging sequence [5, 6] . The data is registered to the Montreal's Neurological Institute (MNI) brain space to preserve cortical geometry and resampled to 0.4 mm 3 resolution. The rigid registration includes six degrees of freedom and is optimized using a cost function of normalized mutual information. The cortex is extracted using in-house software [7] integrated in the MIPAV framework (http://mipav.cit.nih.gov/). The boundaries ϕ GW between gray matter (GM) and white matter (WM) and ϕ GC between GM and cerebrospinal fluid (CSF) estimated during the segmentation are represented as level set surfaces [8] and used to estimate l equi-distant laminae in-between (l = 20) with the following differential equation
where (1−ρ)ϕ GW −ρϕ GC is the target laminae as a weighted average function of ρ ∈ [0, 1] The cortical depth is computed at each point depending on the desired lamina and local curvatures. κ|∇ϕ d | is a level set regularization term which avoids shocks and smooths the laminae. The real cortical layers are different from our estimated laminae. The relative thickness of the six cortical layers varies due to curvature, thus compensating for the folding. Our method only provides a coordinate system for measuring cortical depth. Based on the set of the equi-distant laminae {ϕ d }, orthogonal profile curves can be generated as follows: from any starting location x, the projection onto the closest lamina ϕ d is obtained as
and x d is projected onto the next closest lamina, until a curved 3D profile is generated that intersects all the layered laminae. The constructed profiles are the basis of this work. We select four ROIs of primary cortical areas: Brodmann Area BA 1 and BA 3b (somatosensory cortex), BA 4 (motor cortex) and BA 17 (visual cortex) within the left hemisphere. For the atlas-based sampling we use the probabilities given in the Jülich atlas [9] .
